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DQGDLPV WR UHGXFH OLIHF\FOH LPSDFWV RISURGXFWVDQGVHUYLFHV WKURXJKSURGXFW VHUYLFLQJ UHPDQXIDFWXULQJDQG UHF\FOLQJ7KLVDSSURDFKKDV
SURYHGWREHDQHIIHFWLYHVROXWLRQWRHQKDQFHWKHVHUYLFHVVXSSRUWLQPLOLWDU\SURMHFWV,36RIIHUVFOLHQWYDOXHE\UHVSRQGLQJPRUHHIILFLHQWO\WR
WKHFOLHQWGHPDQGVZLWKUHGXFHGSULFHVLWLVGHOLYHUHGLQWKHIRUPRIFRQWUDFWLQJDSSURDFKHVEHWZHHQ0LQLVWU\RI'HIHQFH0R'DQGLQGXVWU\
WKHVH FRQWUDFWV FDQGLIIHU LQ VHYHUDO DVSHFWV DV ULVN VKDULQJ DSSOLFDWLRQ OHYHO RZQHUVKLSSROLF\ DQG VXSSRUWDELOLW\ VSHFLILFDWLRQVYDU\7KLV
UHVHDUFK IRFXVHV RQ &RQWUDFWLQJ IRU $YDLODELOLW\ &I$ ZKLFK LV D SDUWLFXODU DSSURDFK RI ,36 7KH SDSHU DLPV WR SUHVHQW WKH UHYLHZ RI
OLWHUDWXUHLQGHVLJQLQJVXSSRUWVWUDWHJLHVIRU&I$LGHQWLI\LQJWKHJRRGSUDFWLFHVDQGFKDOOHQJHVDQGWRSURSRVHDV\VWHPDWLFDSSURDFKWRILOOWKH
LQGXVWULDODQGDFDGHPLFJDS WRZDUGVDQRSWLPL]DWLRQRI WKHFXUUHQWPRGHOOLQJSURFHVV7KLVZRUNVWDUWVE\SUHVHQWLQJD OLWHUDWXUH UHYLHZ LQ
,36 LW WKHQPRYHV LQWR WKHRSWLPL]DWLRQSURFHVVHVGHVFULELQJKRZFRQWUDFWRUVFXUUHQWO\GHVLJQD ORQJ WHUPVHUYLFH VXSSRUWFRQWUDFW LQ WKH










2YHU WKH UHFHQW GHFDGHV FRPSHWLWLRQ DPRQJ WKH
PDQXIDFWXULQJVHFWRUVKDVUDLVHGDQGFRPSDQLHVDUHIRUFHG
WR FKDQJH WKHLU FRPPHUFLDO VWUDWHJLHV LQ RUGHU WR NHHS
FRPSHWLWLYH3URGXFWVWKDWZHUHWUDGLWLRQDOO\VROGSXUHO\DV
D SK\VLFDO JRRG VWDUWHG WR EH VROG DV D SDFNDJH ZKLFK
LQFOXGHV WKH SK\VLFDO SURGXFW WRJHWKHU ZLWK VHUYLFHV WR
VXSSRUWWKDWSURGXFWWKURXJKLWVHQWHUHGOLIHF\FOH6HUYLFHV
DUHOHVVOLNHO\ WREHVHHQDVDQ³DGGRQ´WRWKHSURGXFW >@
DQG DUH LQFUHDVLQJO\ FRQVLGHUHG DV D ³FXVWRPHU EHQHILW
SDFNDJH´>@WKDWH[WHQGVWKHOLIHRIWKHSURGXFWDQGUHGXFHV
LWV OLIH F\FOH FRVWV 7KH WHUP VHUYLFH UHIHUV WR DQ\ VXSSRUW
V\VWHP VXFK DV DFWLRQV RQ KDUGZDUH UHPDQXIDFWXULQJ
VSDUHV SURYLVLRQ RQVLWH ZRUN GHFLVLRQPDNLQJ DQG
IRUHFDVWLQJRSHUDWLRQVSODQQLQJGDWDFROOHFWLRQVWRUDJHRU
LQWHOOHFWXDOSURSHUW\HGXFDWLRQRIXVHUVDQGVXSSOLHUV >@
7KH DGGLWLRQ RI D VHUYLFH WR D SURGXFW RIIHULQJ LV FDOOHG
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VHUYLWL]DWLRQ >@ DQG LWV LQWHJUDWLRQ LQWR WKH SURGXFW
RIIHULQJV KDV EHHQ LQFUHDVLQJ LQ WHUPV RI DSSOLFDELOLW\
UHVSRQVLELOLW\DQGFRPSOH[LW\
7KH JURZWK LQ VHUYLWL]DWLRQ FDQ EH IRXQG LQ D ZLGH
UDQJH RI DSSOLFDWLRQV HVSHFLDOO\ LQ WKH PLOLWDU\ FRQWH[W
XQGHU WKH UROH RI &RQWUDFWV IRU $YDLODELOLW\ &I$ D
SDUWLFXODUFDVHRI,QGXVWULDO3URGXFW6HUYLFH6\VWHP,36
&I$ DUH XVXDOO\ ORQJ WHUP IL[HG SULFH FRQWUDFWV DJUHHG
EHWZHHQ 0LQLVWU\ RI 'HIHQFH 0R' DQG LQGXVWU\ ZKLFK
DLP WR VXVWDLQ WKH DYDLODELOLW\ RI WKH V\VWHP DW DQ DJUHHG
OHYHO RI UHDGLQHVV >@ 7KH WHUP µLQGXVWU\¶ FRYHUV ERWK
SULPH FRQWUDFWRU ZKLFK LV WKH OHJDO HQWLW\ ZKRP 0R'
UHTXLUHWRGHOLYHUDSURGXFWHJDIXOO\IXQFWLRQLQJVKLSRU
VHUYLFH >@ DQG VXSSO\ FKDLQ 0R' KDV IRXQG VHYHUDO
DGYDQWDJHV LQ WKLV FRQWUDFWLQJ DSSURDFK DV LW FDQ RIIHU
VDYLQJV DQG VKDULQJ RI SURMHFW ULVNV ZLWK LQGXVWU\ ZKLFK
WDNHV RQ WKH UHVSRQVLELOLW\ WR GHOLYHU DJUHHG OHYHO RI
HTXLSPHQW DQG VHUYLFHV DYDLODELOLW\ IRU D IL[HG SULFH
0RUHRYHU DV WKH FRQWUDFWRU VKDUHV WKH EXVLQHVV ULVN ZLWK
0R' LW LV LQ WKHLU RZQ LQWHUHVW WR JHW IDPLOLDU ZLWK WKH
PLOLWDU\DFWLYLWLHV WRVHHZKDW WHFKQRORJLHVDUHEHLQJXVHG
DQGZKDWNLQGRIVHUYLFHVDQGHTXLSPHQWXSJUDGHVZRXOGILW
WKH PLOLWDU\ QHHGV >@ DQG FRQVHTXHQWO\ LW UHSUHVHQWV
LQFUHDVHG YDOXH WR 0R' ³LQGXVWU\ ZLOO EH PRWLYDWHG WR
LQYHVW LWV RZQ UHVRXUFHV DORQJVLGH RXU UHVHDUFK 0R'¶
UHVHDUFKWRKHOSXVXQGHUVWDQGWKHRSSRUWXQLWLHVDQGRIIHU
XQVROLFLWHG SURSRVDOV IRU LPSURYLQJ RXU FDSDELOLW\´ >@
+RZHYHU WKLV SDUWQHUVKLS EHWZHHQ 0R' DQG LQGXVWU\
UHTXLUHV D JRRG DOLJQPHQW EHWZHHQ WKH SDUWV LQ RUGHU WR
IDFLOLWDWH WKH LQIRUPDWLRQ VKDULQJ DQG WR EXLOG WKH EHWWHU
FROODERUDWLRQ VWUDWHJ\ LW DOVR DVVLVWV WKH FRQWUDFWRU WR
XQGHUVWDQGWKHRSHUDWLRQDOFRQWH[WDQGWKH'HIHQFH/LQHVRI
'HYHORSPHQW'/R'V7KH'/R'VLQYROYHDFRPELQDWLRQ
RI SURFHVVHV LQIRUPDWLRQ HTXLSPHQW DQG SHRSOH WKDW
XQGHUSLQWKHPLOLWDU\VWUXFWXUHDQGQHHGWREHFRQVLGHUHGDW
WKH WLPH RI GHVLJQLQJ DQ\ VHUYLFH WR VXSSRUW WKH PLOLWDU\
FDSDELOLW\ )XUWKHUPRUH PRGHOOLQJ WKH '/R'V SURYLGHV D
PDMRU FKDOOHQJH EXW DOVR D ELJ RSSRUWXQLW\ IRU
LPSURYHPHQWV WRZDUGV HQKDQFLQJ WKH FXUUHQW SURFHVV RI
GHVLJQLQJ VWUDWHJLHV IRU WKH ELGGLQJ VWDJH RI &I$ 7KLV
SDSHUORRNVDWUHYLHZLQJWKHOLWHUDWXUHUHODWHGWRWKH'/R'V
DQG SURSRVH D UHVHDUFK PHWKRGRORJ\ DSSURDFK WRZDUGV
RSWLPL]LQJ WKH&I$GHVLJQ VWUDWHJLHVZLWK D VSHFLDO IRFXV
RQWKHWUDGHRIIDQDO\VLVDFURVV'/R'V





SD\V IRU DYDLODELOLW\ XVH RI HTXLSPHQW QRW VSHFLILFDOO\
UHSDLUV >@ 0R' GHILQHV &I$ DV D FRPPHUFLDO SURFHVV
ZKLFK VHHNV WR VXVWDLQ D V\VWHPRU FDSDELOLW\ DW DQ DJUHHG
OHYHO RI UHDGLQHVV RYHU D SHULRG RI WLPH E\ LQGXVWU\ >@
5HDGLQHVVLVWKHWHUPXVHGWRGHVFULEHWKHPHDQVE\ZKLFK
0R' KROGV LWV PLOLWDU\ IRUFHV DW YDU\LQJ OHYHOV RI
SUHSDUHGQHVV WR UHVSRQG WR HPHUJLQJ RSHUDWLRQV >@
,QLWLDOO\GHILQHGLQWHUPVRISODWIRUPVKLSDLUFUDIWYHKLFOH
HWF DYDLODELOLW\ KDV HYROYHG LQWR RXWFRPHV PRUH FOHDUO\
OLQNHG WR WKH0R'¶VRSHUDWLRQV>@ WKH\DUHQRZDSSOLHG
WR 6\VWHPV ,QFOXGLQJ 5DGDUV ,)) SRZHU SDFNV
DUPDPHQWVDQGVLPXODWRUV6XE6\VWHPV6XFKDVHQJLQHV
DQG JXQV DQG (TXLSPHQW ,QFOXGLQJ VPDOO DUPV PRELOH
JHQHUDWRUVDQGUDGLRV >@7KH³V\VWHPV´DWHDFKOHYHODUH
VHHQ DV ³VXE V\VWHPV´ IURP WKH OHYHO DERYH >@:LWKRXW
ORVLQJ JHQHUDOLW\ WKLV ZRUN ZLOO IROORZ WKH GHILQLWLRQ RI
HTXLSPHQW JLYHQ E\ 0R' LQ WKH $FTXLVLWLRQ 2SHUDWLQJ
IUDPHZRUN ³HTXLSPHQW UHIHUV WR WKH SURYLVLRQ RIPLOLWDU\
SODWIRUPV V\VWHPV DQG ZHDSRQV H[SHQGDEOH DQG QRQ
H[SHQGDEOHLQFOXGLQJXSGDWHVWROHJDF\V\VWHPVQHHGHGWR
RXWILWHTXLS DQ LQGLYLGXDO JURXS RU RUJDQLVDWLRQ´
FRQVHTXHQWO\ WKH ZRUG ³HTXLSPHQW´ ZLOO UHIHU WR HLWKHU
V\VWHPVXEV\VWHPRUVPDOOHTXLSPHQW




1.2.  Through Life Perspective of CfA 

&I$ DUH QRUPDOO\ ORQJ WHUP FRQWUDFWV WKDW FDQ ODVW LQ
VRPHFDVHVRYHU\HDUV >@7KHUHIRUH LW LVQHFHVVDU\ WR
FRUUHFWO\GHILQHWKHFDWHJRUL]DWLRQRIWKHFRQWUDFWOLIHF\FOH
VWDJHV LQ RUGHU WR HPSOR\ WKH EHVW VWUDWHJLHV DFFRUGLQJ WR
HDFK SURMHFW SKDVH VSHFLILFDWLRQV 0R' LGHQWLILHV  PDLQ
SKDVHV LQ WKH &I$ OLIHF\FOH &RQFHSW $VVHVVPHQW
'HPRQVWUDWLRQ 0DQXIDFWXUH ,QVHUYLFH DQG 'LVSRVDO
&$'0,' 0R' DOVR UHIHUV WR WZR PDMRU FRQWUDFWXDO









0RGHOOLQJDV\VWHP LV WKHSURFHVVRI UHSUHVHQWLQJ WKDW
V\VWHPLQDVLPSOHUZD\ZKLFKKDVWKHSXUSRVHRIHQDEOLQJ
WKH DQDO\VLV WR SUHGLFW WKH HIIHFW RI FKDQJHV WR WKH V\VWHP
>@ ,Q WKH VHUYLFH V\VWHP FRQWH[W PRGHOOLQJ KDV D YHU\
LPSRUWDQWUROHDVLWDLPVWRUHSUHVHQWWKHGHYHORSPHQWRIWKH
VHUYLFHV +RZHYHU GXH WR WKH FRPSOH[LW\ RI WKH VHUYLFHV
WKHGLIILFXOW\LQDFFXUDWHO\GHVFULELQJKXPDQEHKDYLRUDQG
WKH DPRXQW RI UHVRXUFHV UHTXLUHG WR GHOLYHU VHUYLFHV
PRGHOOLQJ VHUYLFHV LV D GLIILFXOW WDVN DQG YHU\ WLPH
FRQVXPLQJ ZKLFK PD\ H[SODLQV ZK\ LW KDV UHFHLYHG OLWWOH
DWWHQWLRQRYHUWKH\HDUV>@
7KHUH DUH VHYHUDO GLIIHUHQW DSSURDFKHV IRU PRGHOOLQJ
VHUYLFH V\VWHPV 6KRVWDFN >@ GHYHORSHG WKH VHUYLFH EOXH
SULQW DSSURDFK ZKLFK DWWHPSWV WR PDS D V\VWHP IRU
YLVXDOL]DWLRQHQDEOLQJVHUYLFHVWREHJLYHQSURSHUSRVLWLRQ
DQGZHLJKWLQWKHPDUNHWHQWLW\FRQWH[W/DWHURQ/RYHORFN
>@KLJKOLJKWHG WKDW VHUYLFH EOXHSULQWV DUH SURQH WR IDLO LI
WKH\ DUH QRW EXLOW EDVHG RQ D JRRG DOLJQPHQW EHWZHHQ
FRVWXPHU DQG VHUYLFHV SURYLGHU LQGHHG KH SURSRVHG WR
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SURGXFH WZR EOXHSULQWV RQH IURP WKH FRPSDQ\¶V
SHUVSHFWLYH DQGRWKHU IURP WKH FRVWXPHU¶VSHUVSHFWLYH IRU
IXUWKHU FRQVHQVXV   7KH EOXH SULQW DSSURDFK UHTXLUHV D
JUDSKLFDO ODQJXDJH WR DVVLVW WKH SURFHVV 7KH 6WUXFWXUHG
$QDO\VLV	'HVLJQ7HFKQLTXH6$'7LVDJUDSKLFSURFHVV
PRGHOOLQJ ODQJXDJH GHYHORSHG E\ ' 7 5RVV RI 6RI7HFK
,QF ZKLFK FRQVLVWV RI D VHW RI LQWHUUHODWHG GLDJUDPV WKDW
FROOHFWLYHO\ GHVFULEH D V\VWHP WKH EDVLF PRGXOH RI WKH
WHFKQLTXH LVDSURFHVVER[GHQRWLQJDQ DFWLYLW\ZKLFKKDV
LQSXWV RXWSXWV DFWLYLW\ FRQWUROV DQG PHFKDQLVPV 6$'7
KDV D VWDWLF PRGHOOLQJ SDUDGLJP WKDW FDQ GHDO ZLWK WKH
UHSUHVHQWDWLRQRI WKH VWUXFWXUHRID V\VWHPEXWFDQQRWGHDO
ZLWKWKHV\VWHPEHKDYLRURYHUWLPHDOWKRXJKLWFDQKHOSLQ
WKH SUHSDUDWLRQ IRU VLPXODWLRQ >@ 6LPXODWLRQ LV WKH
RSHUDWLRQRIDPRGHOWKDWHYDOXDWHVWKHSHUIRUPDQFHRIWKH
V\VWHP E\ WHVWLQJ GLIIHUHQW FRQILJXUDWLRQV RI LQWHUHVW DQG
RYHUORQJSHULRGVRIUHDOWLPH>@
$ VXEVHW RI WKH 6$'7 WHFKQLTXH ZDV DGRSWHG E\ WKH
86 $LU )RUFH LQ WKH LQWHJUDWHG FRPSXWHUDLGHG
PDQXIDFWXULQJ SURMHFW UHQDPHG ,'() DQG SODFHG LQ WKH
SXEOLF GRPDLQ >@ ,Q >@ WKH DXWKRUV SURSRVHG DQ
H[WHQVLRQ RI WKH ,'() PRGHOOLQJ WR DFW DV D SURFHVV




DSSOLHG WR VWRFKDVWLF DQG QRQGHWHUPLQLVWLF FRQWUDFWV LV
SURSRVHG E\ 'HODKD\H HW DO >@ 7KH DXWKRUV XVH D
PDWKHPDWLFDO ODQJXDJH IRUPDOLVP WR GHVFULEH WKH FRQWUDFW
V\VWHP 7KH\ PDS DVSHFWV DV FRQWUDFW DVVXPSWLRQV DQG
DYDLODELOLW\LQWRDPDWKHPDWLFDODOSKDEHWLQRUGHUWRPRGHOD
V\VWHPRYHU WLPH DQG VFKHGXOH WKHPRVW VXLWDEOH DFWLYLWLHV
DFFRUGLQJ WR WKH GHVLUHG SURMHFW RXWFRPHV ,Q WKH $SSOLHG
5HOLDELOLW\ DQG 0DLQWDLQDELOLW\ 0DQXDO IRU 'HIHQFH
6\VWHPV>@WKHDXWKRUVSURYLGHDQRYHUYLHZRIWKHFXUUHQW
HOHPHQWV DQG FRQFHSWV LQYROYHG LQ WKH PRGHOOLQJ SURFHVV
FRYHULQJ GLIIHUHQW PRGHOOLQJ DSSURDFKHV DQG WHFKQLTXHV
HQULFKHG ZLWK D FDVH VWXG\ DQDO\VLV LQ PRGHOLQJ WKH
UHOLDELOLW\ DQG SHUIRUPDQFH RI D QHWZRUN FRPPXQLFDWLRQ
V\VWHPV

1.3.1. Literature review of the modelling 
practices for design CfA 
&I$ FDQ EH DSSOLHG WR D ZLGH UDQJH RI PLOLWDU\
FDSDELOLWLHV VXFK DV SODWIRUPV V\VWHPV VXEV\VWHPV
HTXLSPHQW VSDUHV SHUVRQQHO VHUYLFHV RU IDFLOLWLHV >@
(DFKGLIIHUHQWW\SHRIDSSOLFDWLRQPD\LQFXULQVRPHGHVLJQ
GHWDLOV YDULDWLRQV $ VWUXFWXUHG UHVHDUFK DPRQJ OLWHUDWXUH
ZDVGRQHDLPLQJ WR ILQG WKH FXUUHQWPRGHOOLQJDSSURDFKHV
DSSOLHG WR GHVLJQ &I$ 7KLV UHVHDUFK DLPV WR SUHVHQW RQH
JHQHULF VHTXHQFH RI VWHSV WKDW VHHPV WR EH XQDQLPRXVO\






HJ SK\VLFDO UHSUHVHQWDWLRQ PRGHO QHXUDO QHWZRUNV
GLDJUDPVWDEOHVDEVWUDFWPRGHOV
x %XLOGWKHDVVXPSWLRQVOLVW
x 6HOHFW D QXPHULFDO WHFKQLTXH WR ILQG FRUUHODWLRQV
EHWZHHQWKHSDUDPHWHUVRIWKHV\VWHP
x ,QWHJUDWHULVNDQGXQFHUWDLQW\DQDO\VLV




,Q WKH ILUVW SKDVH RI WKH PRGHOOLQJ SURFHVV WKH WDVN
UHTXLUHPHQWV DQG WKH UHVRXUFHV UHTXLUHG WR GHOLYHU WKRVH
WDVNV DUH OLVWHG WKH FXVWRPHU DIIRUGDELOLW\ LVVXHV DUH
FRQVLGHUHG DQG WKH DVVXPSWLRQV OLVW LV EXLOW 7KH VHUYLFH
EUHDNGRZQVWUXFWXUHLVWKHQSHUIRUPHGDQGWKHULVNGULYHUV
IRU FRVW DQG DYDLODELOLW\ DUH LGHQWLILHG HJ SULFH DQG
HTXLSPHQW XVDJH YDULDQFH PDQSRZHU UHTXLUHPHQWV PHDQ
WLPH WR UHSDLU HWF« 7KH UHODWLRQVKLSV EHWZHHQ WKH ULVN
GULYHUV DUH WKHQ EXLOW DQG WKH H[SHFWHGPRQHWDU\ YDOXH RI




$IWHU FROOHFWLQJ DOO WKH LQSXWV DQG LGHQWLI\LQJ WKH ULVN
GULYHUV FRQWUDFWGHVLJQHUV ORRNDW DGGUHVVLQJ WKH UHFXUUHQW
XQFHUWDLQWLHV IRU HDFK ULVN GULYHU >@ 7KH XQFHUWDLQW\
DVVRFLDWHG WR DSHUIRUPDQFHGULYHU FDQEH H[SUHVVHGXVLQJ
HLWKHUDVLQJOHRUWKUHHSRLQWHVWLPDWHWHFKQLTXHV>@
7KH ODVW SKDVH RI WKH PRGHOOLQJ SURFHVV FRQVLVWV LQ
HYDOXDWH DOO WKH SUHYLRXV HOHPHQWV LQWR D ILQDO PRGHO LQ
RUGHU WR GHVLJQ WKH GHVLUHG VXSSRUW VWUDWHJ\ SODQ DQG
HVWLPDWHWKHDVVRFLDWHGFRVW7KHPRGHOOLQJWHFKQLTXHVFDQ
YDU\ GHSHQGLQJ RQ WKH DPRXQW RI LQIRUPDWLRQ DYDLODEOH
>@:KHQWKHOHYHORIGDWDDYDLODEOHLVORZWKHPRGHOOLQJ
SURFHVVLVEDVHGRQH[SHUWRSLQLRQVRUFDQEHDOVREDVHGRQ
DQDORJ\ WKH SURMHFW GHVLJQHUV DVVRFLDWH WKHLU NQRZOHGJH
H[SHULHQFHZLWKFRPSDULVRQVWRSUHYLRXVVLPLODUSURMHFWVWR
EXLOGHVWLPDWHVDQGVROXWLRQVIRUWKHFXUUHQWSURMHFW:KHQ
WKH OHYHO RI LQIRUPDWLRQ DYDLODEOH LV KLJK SDUDPHWULF
WHFKQLTXHV DOVR NQRZQ DV WRSGRZQ DSSOLFDWLRQV VXFK DV
UHJUHVVLRQDQDO\VLVIX]]\ORJLFRUQHXUDOQHWZRUNV>@
DQG VLPXODWLRQ WRROV DUH DSSOLHG WR PRGHO WKH GDWD $OVR
ERWWRP XS WHFKQLTXH RU PL[HGDSSURDFK FDQ EH DSSOLHG
>@ 1RQHWKHOHVV H[SHUW RSLQLRQ DQG DQDORJ\ WHFKQLTXHV
DUHDOZD\VDSSOLHGWRYDOLGDWHDQGHQKDQFHWKHDFFXUDF\RI
WKHILQDOPRGHOUHVXOWV1H[W WDEOHLOOXVWUDWHVWKHPRGHOOLQJ
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'XHWKHG\QDPLFQDWXUHRI&I$VLPXODWLRQWRROVDUHDQ
HIILFLHQW DSSURDFK WR PRGHO WKHVH W\SH RI FRQWUDFWV ZKHQ
VXIILFLHQW LQIRUPDWLRQ LV SURYLGHG 7KHUH DUH VHYHUDO ZHOO
UHFRJQL]HG VLPXODWLRQ WHFKQLTXHV LQ OLWHUDWXUH LQFOXGLQJ
0RQWH&DUORVLPXODWLRQ'LVFUHWH(YHQWVLPXODWLRQ6\VWHP
'\QDPLFV DQG$JHQW%DVHG VLPXODWLRQ7\SLFDO H[DPSOHV
RI VLPXODWLRQ WRROVDUH#5,6.>@&U\VWDO%DOO >@RU
0RGHO5LVN>@




D SURJUDPPH RU VWUDWHJ\ >@ 8. 0R' '/R'V DUH
QRUPDOO\UHIHUHQFHGE\WKHDFURQ\Pµ¶7HSLGRLO¶¶DQGWKH\
FRYHU TUDLQLQJ ETXLSPHQW PHUVRQQHO IQIRUPDWLRQ
DRFWULQH 	 &RQFHSWV OUJDQLVDWLRQ IQIUDVWUXFWXUH
LRJLVWLFV DQG IQWHURSHUDELOLW\ DV DQ RYHUDUFKLQJ WKHPH
>@ 7KH GHILQLWLRQ RI HDFK '/R' DFFRUGLQJ WR WKH
$FTXLVLWLRQ 2SHUDWLQJ )UDPHZRUN $2) LV GHVFULEHG
EHORZ





(TXLSPHQW 7KH SURYLVLRQ RI PLOLWDU\ SODWIRUPV V\VWHPV
DQG ZHDSRQV H[SHQGDEOH DQG QRQH[SHQGDEOH LQFOXGLQJ
XSGDWHV WR OHJDF\ V\VWHPV QHHGHG WR RXWILWHTXLS DQ
LQGLYLGXDOJURXSRURUJDQLVDWLRQ





,QIRUPDWLRQ 7KH SURYLVLRQ RI D FRKHUHQW GHYHORSPHQW RI
GDWD LQIRUPDWLRQ DQG NQRZOHGJH UHTXLUHPHQWV IRU
FDSDELOLWLHVDQGDOOSURFHVVHVGHVLJQHGWRJDWKHUDQGKDQGOH
GDWD LQIRUPDWLRQ DQG NQRZOHGJH 'DWD LV GHILQHG DV UDZ
IDFWV ZLWKRXW LQKHUHQW PHDQLQJ XVHG E\ KXPDQV DQG
V\VWHPV ,QIRUPDWLRQ LV GHILQHG DV GDWD SODFHG LQ FRQWH[W
.QRZOHGJHLV,QIRUPDWLRQDSSOLHGWRDSDUWLFXODUVLWXDWLRQ

'RFWULQH 	 &RQFHSWV 'RFWULQH LV DQ H[SUHVVLRQ RI WKH
SULQFLSOHVE\ZKLFKPLOLWDU\ IRUFHVJXLGH WKHLUDFWLRQVDQG
LV D FRGLILFDWLRQ RI KRZ DFWLYLW\ LV FRQGXFWHG WRGD\ ,W LV




2UJDQLVDWLRQ 5HODWHV WR WKH RSHUDWLRQDO DQG QRQ
RSHUDWLRQDO RUJDQLVDWLRQDO UHODWLRQVKLSV RI SHRSOH ,W




,QIUDVWUXFWXUH 7KH DFTXLVLWLRQ GHYHORSPHQW PDQDJHPHQW
DQG GLVSRVDO RI DOO IL[HG SHUPDQHQW EXLOGLQJV DQG







LWV PRVW FRPSUHKHQVLYH VHQVH LW UHODWHV WR WKH DVSHFWV RI
PLOLWDU\ RSHUDWLRQV ZKLFK GHDO ZLWK WKH GHVLJQ DQG
GHYHORSPHQW DFTXLVLWLRQ VWRUDJH WUDQVSRUW GLVWULEXWLRQ
PDLQWHQDQFH HYDFXDWLRQ DQG GLVSRVLWLRQ RI PDWHULHO WKH
WUDQVSRUW RI SHUVRQQHO WKH DFTXLVLWLRQ FRQVWUXFWLRQ
PDLQWHQDQFH RSHUDWLRQ DQG GLVSRVLWLRQ RI IDFLOLWLHV WKH
DFTXLVLWLRQ RU IXUQLVKLQJ RI VHUYLFHV PHGLFDO DQG KHDOWK
VHUYLFHVXSSRUW

,QWHURSHUDELOLW\ ,QDGGLWLRQ WR WKH'/R'V ,QWHURSHUDELOLW\
LVLQFOXGHGDVDQRYHUDUFKLQJWKHPHWKDWPXVWEHFRQVLGHUHG
ZKHQ DQ\ '/R' LV EHLQJ DGGUHVVHG 7KH DELOLW\ RI 8.




VHUYLFHV 8. 'HIHQFH FDSDELOLWLHV RWKHU *RYHUQPHQW
GHSDUWPHQWV DQG WKH FLYLO DVSHFWV RI LQWHURSHUDELOLW\
LQFOXGLQJ FRPSDWLELOLW\ ZLWK FLYLO UHJXODWLRQV
,QWHURSHUDELOLW\ LV XVHG LQ WKH OLWHUDO VHQVH DQG LV QRW D
FRPSURPLVH O\LQJ VRPHZKHUHEHWZHHQ LQWHJUDWLRQ DQGGH
FRQIOLFWLRQ





x 7KH $XVWUDOLDQ )XQGDPHQWDO ,QSXWV WR &DSDELOLW\
),& 2UJDQLVDWLRQ 3HUVRQQHO &ROOHFWLYH WUDLQLQJ
0DMRU V\VWHPV 6XSSOLHV )DFLOLWLHV 6XSSRUW FDQ
&RPPDQG	PDQDJHPHQW
x 7KH&DQDGLDQ&DSDELOLW\ ,QSXWV3HUVRQQHO5	'2SV
UHVHDUFK ,QIUDVWUXFWXUH 	 2UJDQLVDWLRQ &RQFHSWV
GRFWULQH 	 FROOHFWLYH WUDLQLQJ ,7 ,QIUDVWUXFWXUH DQG
(TXLSPHQWVXSSOLHV	VHUYLFHV
x 7KH 86$ &DSDELOLW\ ,QSXWV 'RFWULQH 2UJDQLVDWLRQ
7UDLQLQJ 	 HGXFDWLRQ 0DWHULDO /HDGHUVKLS DQG
3HRSOH

,Q8.'/R'VPXVW EH WKH JXLGDQFH IRU DQ\PLOLWDU\
VXSSRUW DFWLYLW\ DV WKH\ SURYLGH D XVHIXO VXPPDU\ RI WKH
UDQJH RI IDFWRUV WKDW PXVW EH FRQVLGHUHG ZKHQ PDNLQJ
GHFLVLRQVRQFDSDELOLW\DQGIRUFHVWUXFWXUH,QGHHGLQGXVWU\
KDV DOUHDG\ EHHQ VXJJHVWHG DV D OLQH RI GHYHORSPHQW
EHFDXVH RI LWV UROH LQ VXSSRUWLQJ '/R' IRU D SDUWLFXODU
FDSDELOLW\ DQG WKH DOLJQPHQWUHODWLRQVKLS EHWZHHQ VXSSOLHU
DQGFXVWRPHULQGHYHORSLQJWKH'/R'>@0RUHRYHUHDFK
'/R' FDQ EH EURNHQ GRZQ LQWR VHYHUDO  DWWULEXWHV HJ
µ7UDLQLQJ¶FDQEHEURNHQGRZQLQWR7UDLQWKH0DLQWDLQHUV
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7DEOH'/R'VOLWHUDWXUHDVVHVVPHQW









































RU PRUH FDSDELOLW\ JDSV E\ VHHNLQJ RSSRUWXQLWLHV WR
RSWLPLVHWKHSHUIRUPDQFHFRVWDQGWLPHFKDUDFWHULVWLFVRID
SURMHFW RU SURJUDPPH %DVHG RQ WKH VWXGLHV IRXQG LQ
OLWHUDWXUH UHODWHG WR WKH'/R'V LWZDVSRVVLEOH WR LGHQWLI\
VRPHRIWKHPRVWLPSRUWDQWDWWULEXWHVRIHDFK'/R'DVZHOO
DV WREXLOGVRPHTXDOLWDWLYH OLQNVEHWZHHQ WKRVHDWWULEXWHV
6RPHRIWKRVHVWXGLHVDUHSUHVHQWHGLQWKLVVHFWLRQ
,Q >@ WKH DXWKRU FRQGXFWHG D UHVHDUFK LQ WKH IRRG
LQGXVWU\ ZKHUH KH FRQFOXGHG WKDW DFFHVV WR WUDLQLQJ LV
SRVLWLYHO\ UHODWHG WR RUJDQLVDWLRQDO FRPPLWPHQW
HPSOR\HHV¶ SHUFHLYHG GHJUHH RI VXSSRUW IRU WUDLQLQJ DQG
SHUFHLYHGGHJUHHRIEHQHILWVIURPWUDLQLQJSRVLWLYHO\DIIHFWV
WKHLU FRPPLWPHQW +H DOVR VWDWHG WKDW RUJDQLVDWLRQDO
FRPPLWPHQW KDV D SRVLWLYH UHODWLRQVKLS ZLWK FXVWRPHU
VHUYLFH TXDOLW\ DQG PHGLDWHV WKH UHODWLRQVKLS EHWZHHQ
SHUFHLYHG DFFHVVLELOLW\ WR WUDLQLQJ SHUFHLYHG VXSSRUW IRU
WUDLQLQJ DQGSHUFHLYHGEHQHILWV IURP WUDLQLQJZLWK VHUYLFH
TXDOLW\
5RODQGH 3DULV LQ >@ ORRNHG DW KRZ DQ LQWHUQDWLRQDO
PLOLWDU\ DFWLRQ FDQ DYRLG PDVV DWURFLWLHV E\ DVVHVVLQJ WKH
OLQN EHWZHHQ H[WHUQDO PLOLWDU\ DFWLRQ DQG WKH GHVLUHG
RXWFRPH RI SUHYHQWLQJ RU VWRSSLQJ PDVV NLOOLQJ +H
UHSRUWHGWKDWWKHUHLVYHU\OLWWOHDQGWUDQVSDUHQWLQIRUPDWLRQ
DERXW KRZ 8. PLOLWDU\ IRUFHV SURMHFW DQG GHOLYHU WKHLU
SUHYHQWLYH KXPDQLWDULDQ LQWHUYHQWLRQV DV D FRQVHTXHQFH
WKH\ VWDUW WR ORVH SHRSOH¶V WUXVWZKLFK KDUPV WKH IXWXUH RI
WKHUHVSRQVLELOLW\WRSURWHFW
,Q>@WKHDXWKRUGHVFULEHGWKHUROHRIFRPPXQLFDWLRQ
RQ OHDUQLQJ RUJDQLVDWLRQV WUXVW FRPPLWPHQW SHUFHLYHG
RUJDQLVDWLRQDO VXSSRUW DQG WKH LQGLFDWRUV QHHGHG IRU
SUHSDULQJIRUWKLVVWDWHRUJDQLVDWLRQHPSOR\HHUHODWLRQVKLS
YDOXLQJ WKH HPSOR\HH HPSOR\HH HPSRZHUPHQW DQG
HPSOR\HHRZQHUVKLSDQGDFFHSWDQFHRIUHVSRQVLELOLW\
*UDQWLQ>@DJUHHGWKDWSHUVRQQHOZHOOEHLQJOHYHOLV
SRVLWLYHO\ OHG E\ HPSOR\HHV¶ SHUFHSWLRQ RI SOHDVXUH
LQYRNLQJ HLWKHU QHJDWLYH RU SRVLWLYH WKRXJKWV RU IHHOLQJV
DQG HPSOR\HHV¶ SHUFHSWLRQV RIZKHWKHU WKH\ KDYH UHDFKHG
WKHLUSRWHQWLDO
+LOO >@ ORRNHG DW WKH SRVLWLYH LPSDFW WKDW JRRG




x 7KHUH LV D WUHQG IRU OLWHUDWXUH WR IRFXV PRUH RQ
7UDLQLQJ/RJLVWLFV3HUVRQQHODQG(TXLSPHQW'/R'V
LW VXJJHVWV WKDW WKHUH LVD ODFNRIXQGHUVWDQGLQJ LQ WKH
RWKHU'/R'VPRUHRYHUPRVW RI WKH VWXGLHV IRXQG LQ
WKLV UHVHDUFKDUHQRW UHODWHG WR WKHPLOLWDU\FRQWH[WVR
WKH\ QHHG WR EH YDOLGDWHG ZLWK PLOLWDU\ GDWD WR EH
DSSOLHGWRWKLVFRQWH[W
x $OWKRXJK WKH OLWHUDWXUH ILQGLQJV KHOS WR EUHDNGRZQ
HDFK '/R' DQG WR ILQG UHODWLRQVKLSV EHWZHHQ LWV
DWWULEXWHV WKHVH DWWULEXWHV FDQ YDU\ GHSHQGLQJ RI WKH
LQGXVWU\ FRQWH[W VR WKH\ QHHG WR EH DGDSWHG DQG
YDOLGDWHGWRWKHPLOLWDU\FRQWH[W
x 7KH UHODWLRQVKLSV EHWZHHQ '/R'V DQG UHVSHFWLYH
DWWULEXWHV DUH PDLQO\ TXDOLWDWLYH DQG WKHUH DUH QR
TXDQWLWDWLYH PHDVXUHPHQW LQ KRZPXFK HDFK DWWULEXWH
LQIOXHQFHRWKHUDWWULEXWHV DOVR WKHUH LVQRJXLGDQFH LQ




DYDLODEOH LV YHU\ OLPLWHG DQG QHHGV WR EH GHYHORSHG DQG
H[SDQGHG
2. Conclusion and future research 
&I$ LV WKHPDMRU FRQWUDFWLQJ SUDFWLFH DGRSWHG E\8.
0R' DQG DOVR E\ RWKHU GHIHQFH DXWKRULWLHV VXFK DV WKH
$PHULFDQ 'R' >@ 7KHUHIRUH WKHUH LV DQ LQFUHDVLQJ
DPRXQWRILQWHUHVWIURP0R'DQGLQGXVWU\WRRSWLPL]HWKHVH
FRQWUDFWLQJDUUDQJHPHQWV  
'HVLJQLQJ D JRRG &I$ VXSSRUW VWUDWHJ\ UHTXLUHV DQ
XQGHUVWDQGLQJ RI KRZ WR HVWLPDWH WKH FRVW RI PLOLWDU\
VHUYLFHV ZKLFK LV D FKDOOHQJH > @ &I$ GHVLJQLQJ
WHDPVQHHGWRLPSURYHWKHLUFXUUHQWXQGHUVWDQGLQJDERXWWKH
NH\ FRQWUDFW SHUIRUPDQFH GULYHUV LQ SDUWLFXODU FRQWUDFW
GXUDWLRQ SURMHFW ULVNV DQG '/R'V 7KH\ QHHG WR SXW WKH
VXLWDEOH DPRXQW RI HIIRUW LQWR WKHVH GULYHUV WR HQVXUH WKDW
SURMHFWVUXQDFFRUGLQJWRWKHFRQWUDFWXDOH[SHFWDWLRQVDQGWR
HQVXUH WKHLU SURILWDELOLW\ )XUWKHUPRUH WKHUH DUH QR WRROV
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WKDWDFFXUDWHO\DVVHVVDQGGHVLJQ&I$GHDOLQJZLWKDOO WKH
ULVNV DQG XQFHUWDLQWLHV LQYROYHG $OVR '/R'V DUH
FKDOOHQJHGE\DJHQHUDOODFNRIXQGHUVWDQGLQJ0RVWRIWKH
FXUUHQW &I$ GHVLJQ WHDPV FRQFHQWUDWH WKHLU HIIRUW RQ
WUDLQLQJ DQG HTXLSPHQW '/R'V DQG WKHLU HVWLPDWHV DUH
PRVWO\ EDVHG RQ H[SHUW RSLQLRQ DQG KLVWRULFDO GDWDZKLFK
FDQ EH XQUHOLDEOH ,Q DGGLWLRQ WKH DEVHQFH RU
LQFRPSUHKHQVLELOLW\ RI KLVWRULFDO GDWD LV PDMRU VRXUFH RI
FKDOOHQJH >@ ZKLFK FDXVHV IXUWKHU UHOLDQFH RQ H[SHUW
RSLQLRQ /LWHUDWXUH LV HQFRXUDJLQJ IRU LGHQWLI\LQJ QHZ
RSSRUWXQLWLHVWRLPSURYHWKHXQGHUVWDQGLQJRIKRZWREHWWHU
PRGHO WKH '/R'V ,Q >@ WKH DXWKRUV GLVFXVV EUHDNLQJ
GRZQ VRPH'/R'VDQGSURSRVH DPRGHO WKDW DVVHVVHV WKH
LPSDFW RI GLIIHUHQW DOORFDWLRQ RI '/R'V UHVRXUFHV RQ WKH
PLOLWDU\ FDSDELOLW\ RI IRUFH HOHPHQWV DQG EXGJHW 7KLV
PRGHOPD\EHDYHU\JRRGDSSURDFKWREHDSSOLHGRQWKHLQ
VHUYLFHSKDVHRI&I$DQGDSRWHQWLDOH[WHQVLRQDGDSWDWLRQ
DQG LPSURYHPHQW PD\ EH GHYHORSHG WR EH DSSOLHG RQ
GHVLJQLQJ&I$VXSSRUWVWUDWHJLHV
%\ LGHQWLI\LQJ WKH FXUUHQW OLWHUDWXUH JDS LQ DVVHVVLQJ
WKH'/R'VWKLVSDSHUDLPVWREHDPRWLYDWLRQDQGJXLGDQFH




7KH DXWKRUV ZRXOG OLNH WR WKDQN WR %DEFRFN
,QWHUQDWLRQDO*URXSIRUFRIXQGLQJWKLVUHVHDUFKDQGIRULWV




>@'DWWD 3 3 DQG 5R\ 5  &RVW0RGHOOLQJ 7HFKQLTXHV IRU
$YDLODELOLW\ 7\SH 6HUYLFH 6XSSRUW&RQWUDFWV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DQG (PSLULFDO 6WXG\ LQ (VVDP 6KHKDE 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 &UDQILHOG
8QLYHUVLW\3UHVV
>@&ROOLHU'$ HG 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6HUYLFH4XDOLW\6ROXWLRQ8VLQJ6HUYLFH
0DQDJHPHQW WR *DLQ &RPSHWLWLYH $GYDQWDJH ,UZLQ 3URIHVVLRQDO
3XEOLVKLQJ
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